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(54) Title: PLPTIDE BINDING THE KLVFF-SEQUENCE OF AMYLOID ft 
(57) Abstract 

The invention relates to compounds of formula (I) or (II). which are of interest especially for inhibition of polymcr.zat.on of amyloid 
ft peptide, as model subsunces for synthesis of amyloid ft pepnde-l.gands, as tools for the identification of other organic compounds with 
similar functional propert.es and/or as hgands for detection of amyloid deposits using e.g. positron emission tomography (PET). Formula 
/ !?' J A ^ - Leu - X' - Z' - B' - R 2 . in which X' means any group or amino acid imparling to the compound according to formula 
(I) the ability to bind to the KLVFF-scquence in amyloid ft peptide, or two amino acids imparting the same ability, but with the proviso 
that one is not proline; Y' means any ammo acid; Z' means any non-acidic amino acid; A' means a direct bond or an o -amino acid bonded 
at the carboxyl terminal of the o<arboxy group or a di-, tri-, tetra- or pentapeptide bonded at the carboxyl terminal of the a-carboxy group- 
B means a direct bond or an o -amino ac.d bonded at the a-n,trogen or a di-. tri-. tetra- or pentapeptide bonded at the a -nitrogen of the 
N-iermmal o -amino acid; R, is H or -CO-R3 bonded at the a-aminogroup of A'; R 2 is H, -OR, or NR5R6. all bonded to the a- -carboxyl 
group of the a-carboxyterminal of B'; R 3 and R< are straight or branched carbon chain of 1-4 carbon atoms; R 5 and R 6 are independently 
H alkyl. cycloalkyl. aryl or substituted aryl or together are -(CH2W, where n is 4-5; and R, and R 2 together can form a hydrocarbon nng 
or heterocyclic ring; all a -ammo acids being either D- or L-isomers. 
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PEPTIDE BINDING THE KLVFF-SEQUENCE OF AMYLOID-^ 

I n ^ i o - jjct ior. 

b The present invention relates to compounds, 

which are of special interest by their ability to 
bind to the KLVFF- sequence in the peptide amyloid \\ 
and to inhibit polymerization of the amyloid p 
peptide. The compounds according to the invention are 
10 e.g. useful as medicaments and as tools for identifi- 
cation of substances to be used in the treatment or 
prevention of amyloidosis. 

Background of the invention 

l^j Amyloidosis is a condition which is 

characterized by the deposition of amyloid in organs 
or tissues of the human or animal body, either as a 
primary disease of unknown cause or secondary to 
chronic disease, such as tuberculosis or osteomyeli- 

20 tis. In addition, it has also been found that the 

pre-eminent neuropathological feature of Alzheimer's 
disease (AD) , a chronic condition of brain atrophy, 
is the deposition of amyloid in the brain parenchyma 
and cerebrovascul ature (D.J. Selkoe, Neuron 6, 

25 487-498 (1991); D.J. Selkoe, Annu. Rev. Cell Biol. 
10, 373-403 (1994) ) . 

The basic component of such amyloid is a peptide 
termed amyloid p, or Afi (G.C. Glenner, C.W. Wong, 
Biochem. Biophys. Res, Commun. 120, 885-890 (1984)). 

30 It is a 40 to 42 amino acids long proteolytic frag- 
ment of the Alzheimer amyloid precursor protein 
(APP) , a protein expressed in most tissues (J. Kang, 
e(. al., Nature 325, 7 33-7 36 (1 987)). Genetic and 
neuropathological studies provide strong evidence for 

35 a central role of Ap in the pathogenesis of AD, but 
the pathophysiological consequences of the amyloid 
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deposition are still unclear. However, it has been 
suggested that Afi polymers and amyloid are toxic to 
neurons, either directly or indirectly, and hence 
cause neurooegenera t ion (C. 3ehi, J. B. Cavis, 
5 R.Lesley, 0. Schubert, Cell 77, 817-827 (1994); D.T. 
Loo, or al., ibid 90, 7951-7955 (1995)). 

The amyloid associated with Alzheimer's disease 
(AD) consists of thin fibrils of polymerized Ap. A 
rational pharmacological approach for the prevention 

10 of amy loidogenes i s would therefore be to use drugs 
that specifically interfere with Ap-Ap interaction 
and polymerization. Previous studies showed that Ap 
po 1 y me fixation m v j vo a nc i /) v it r o is a highly 
specific process, which probably involves an inter - 

15 action between binding sequences in the Ap peptide 
(J. Naslund, et al., Proc . Natl. Acad. Sci . USA 91, 
8378-8382 (1994); J. Naslund, et al., Biochem. Bio- 
phys. Res. Commun . 204, 780-787 (1994)). 

Wood et al (S.J. Wood, R. Wetzel, J.D. Martin, 

20 M.R. Hurle, Biochemistry 34, 724-730 (1995)) suggest 
that amino acid residues within or close to A(3-16-20 
are important for the adoption of the correct 
(3-pleated sheet structure of Afi and show that amino 
acids 17-23 in the amyloid P peptide (A{i) are essen- 

25 tial for fibril formation and probably make up the 

P-sheet core of the fibrils. In addition, Wood et al. 
have investigated the ability of their peptides to 
form amyloid fibrils in a solution containing solely 
the mutated or the wild-type peptide. However, no 

30 method or principle which makes it possible to 

inhibit Ap of wild type from forming amyloid fibrils 
is devised and no use of the peptides as medicaments 
is suggested. 

WO 95/0 8999 relates to amelioration of amnesia 

35 in Alzheimer's aisease caused by deposition of amy- 
loid p protein. Three peptides are disclosed, which 
overcome the amnestic effects of p-12-28, a peptide 
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homologous to Ap. 1 r. addition, WO 95/03999 describes 
* he screening ci several other peptides, wnich wore 
neither significantly amnestic nor memory enhancing, 
o: which one is KLVFF, SEQ. NO. 15 of the sequence 
5 list : ng t ne rem . 

In LP C 584 4 52, novel amyloid precursor- 
proteins and the sequences thereof are disclosed. 
Peptide sequences that comprise KLVFF are revealed. 
However, neither binding to amyloid P peptide nor any 
10 inhibition of the polymerization thereof is 
suggested . 

Summary of the invention 

Thus, the polymerisation of the amyloid p pep- 

15 tide into amyloid fibrils is a critical step in 

the pathogenesis of Alzheimer's disease. 

In vitro and in vivo studies of Ap have shown 
that the Ap molecules interact with a high degree of 
specificity during polymerization and fibril for- 

20 matior. . It was assumed that ligands which bind to 

recognition sequences would be capable of inhibiting 
A [5 polymerization and possibly also dissolve pre- 
formed AfS polymers in situ. The strategy in finding 
such Ap ligands was to identify critical binding re- 

25 gions in AP and, based on their sequences, develop a 
compound capable of blocking the Ap-Ap binding. 

According to the invention, it was hypothesized 
that compounds capable of binding to regions in the 
Ap-molecule critical for its polymerization might 

30 inhibit amyloid fibril formation, as described in 
more detail below. 

According to the invention, it has now been 
found zhat the Lys-Leu-Val-Phe-Phe (KLVFF) sequence 
in AP is necessary for polymerization :o occur. Pep- 

35 tides incorporating this sequence bind to Ap and are 
capable of blocking the fibril formation of AP-1-4C 
and are therefore potentially useful as drugs. 
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In addition, compound:, have boon found, which 

1) are capable of binding to f u ! 1 - I .* >ng t h Af^, 

2) are capaole cf blocking A\\ ::bril formation and 
"i i c i o n o t form fibrils b y t hi err.se . ve.s . 

b In addition, it has also been found that 

a lanine-subst i tuted Af^-1-28 (Ala at position 
16,17,20;, in contrast to wild- typo A0-1-2B, does not 
form fibrils. 

Thus, it was concluded that the Lys-Leu-Val-Phe- 

10 Phe (16-20) motif serves as a structural basis for 
the development of peptide, 1 and non-peptide agents 
aimed at inhibiting amy lo idogenes i s in vivo. This is 
a novel finding and the compounds are of utmost 
interest as being useful as drugs for Alzheimer's 

lb disease. 

Further, the findings according to the invention 
are even more surprising or. the basis of what was 
concluded from WO 9b/08999 mentioned above. In WO 
9 r ;/08999, it was concluded that KLVFF is not a pot.cn- 

20 tial candidate for the development of substances that 
can antagonize binding of Afl and thus attenuate symp- 
toms and progression of AD. Even though the teaching 
of said WO publication indicates the opposite, 
according to the present invention, it has now been 

25 found that KLVFF on the contrary is most useful for 
the development of new compounds defined by Formula 
(I) and (II) below. 

Detailed description of the invention 

30 The present invention relates to compounds which are 

able to bind to the Ly s -Leu-Va 1 - Phe- Phe-sequence , or 
KLV FF- sequence , in the peptioe amyloid |*. More specifi- 
cally, the compounds according to the invention are 
defined by their formula (I): 

3b R i - A ' - Y ' - Leu - X' - Z' - B' - H : (I) 

in which 
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X ' mean s a r y q r o u [ > o : an:no cci d i mp a r : l n q lot h e com - 
prnind o; formula (J) the ability ro bind to t.he KLVFF- 
sequ^nre in amyloid \\ peptide, or two amino acids impart- 
ing the same ability, but with the proviso that one is 
L no t. p r o 1 1 n e ; 

Y' means any amino acid; 

7/ means any non-acidic amino acid; 

A' means a direct bond or an a-amino acid bonded at the 
carboxyl terminal of the a-carboxy group or a di-, tri-, 
10 tetra- or pentapeptide bended at the carboxyl terminal of 
the a-carboxy group; 

B' means a direct bond or an a-amino acid bonded at the 
a-nitrogen or a di-, tri-, tetra- or pentapeptide bonded 
at tne a-nitrogen of the N-terminal u-amino acid; 
15 Pi is H or -CO-R-i bonded at the a-amino group of A' ; 
R 2 is H, -OR< or NR 5 R 6 , all bonded to the a-carboxyl 
group of the a-ca rboxy termina 1 of B' ; 

?j is a straight or branched carbon chain of 1-4 carbon 
a t oms ; 

20 is a straight or branched carbon chain of 1-4 carbon 

atoms ; 

pc, and R 6 independently are H, alkyl, cycloalkyl, aryl or 

substituted aryl or together are -(CH 2 ) n -/ where n is 4-5; 

Ri and R ? together can form a hydrocarbon ring or 
25 heterocyclic ring; and 

all the a-amino acids can be either D- or L-isomers; 

with the proviso that (I) is not Lys-Leu-Va 1-Phe-Phe . 
With alkyl is preferably meant a chain of 4 or 

less carbon atoms, e.g. methyl, ethyl, propyl or 
30 butyl. 

With cykloalkyl is preferably meant a ring of 3, 
4, j or 6 carbon atoms. 

Aryl preferably means a phenyl group, which can 
be substituted, preferably by a methyl, ethyl, propyl 
35 or butyl group, an amino or a methoxy, ethoxy, 
propoxy or butoxy group. 
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In a preferred embodiment of :ho present, invention, 
Vie compound exhibits an ability to inhibit polymeriza- 
t 1 on o : amy 1 o 1 d [\ pepz ide . 

In one embodiment of the invention, ail the amino 
5 a c l c j s of t h e c orr.pou n d are D - l s orne r s . 

In one embodiment cf the invention, Y' is Lys, and 
in a particular embodiment of the invention, Z' is Phe, 
resulting in a compound of the following formula: 
Ki-A' -NH-C!i[- (CI1 ? ) 4 -NH : ]-CO-Leu-X' -NH-CHf -CH 2 - Ph]-CO- B ' -K 2 . 
10 In an alternative embodiment of the invention, 

Y ' is Phe. 

Preferred are compounds, wherein X' is Val-Val. 
In one embodiment of the present aspect of the 
invention, Ri is acetyl. 
15 In an alternative embodiment of the invention, 

Ri is H. According to another embodiment, R ? is H. Al- 
ternatively, Rj and R-. are both H. 

A second aspect cf the present invention is the 
use of a compound of formula: 

20 

R i - A' - Y' - Leu -X' - Z ' - B ' - R. (II) 
in which 

X' means any group or amino acid imparting to the com- 
2b pound of formula (II) the ability to bind to the KLVFF- 

sequence in amyloid p peptioe, or two amino acids impart- 
ing the same ability, but with the proviso that one is 
not proline; 

Y' means any amino acid; 

30 7/ means any non-acidic amino acid; 

A' means a direct bond or an ci-amino acic bonded at the 
oarboxyl terminal of the a -car boxy group or a di-, tn~, 
tetra- or pentapeptide bonoed at the carboxyl terminal of 
the a -car boxy group; 

35 B' means a direct bond o: an a amino acid bonded at the 
a-nitrogen or a di-, tri-, tetra- or pentapeptide bonded 
at the a-nitrogen of the N - 1 e rrr.ina 1 a-amino acid; 
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r, 1S || or -c(j-\<., bonded av tne a-arnino group of A'; 

p, is t!, -OR, r;i NR^P(, all bonded the a-ca rboxy 1 g roup 

of tfw 1 (i-ca rt,')> yt er mi nul of LV; 

R, :s ri 5t raiqht or trenched carbon chair, of 1-4 carbon 
5 atoms; 

K, :s a straight or branched carton chain of 1-4 carbor; 
atoms ; 

F.c, and R c independently are H, alkyl, cycloalkyl, aryl or 
substituted aryl or togetner are -(CH ? ) n - where n is 4-5; 
10 P t and R 2 can together form a hydrocarbon ring or 
heterocyclic ring; and 

all the a-amino acids can dg either D- or L- i sorters ; 
for inhibition of polymerization of amyloid p pep- 
tide, as a model substance for synthesis of amyloid ft 

15 peptide-ligands tor inhibition of polymerization of 
amyloid p peptide, as a tool for the identification 
of other organic compounds with similar functional 
properties or as ligand for detection of amyloid de- 
posits using e.g. positron emission tomography (RET). 

2C With alkyl is preferably meant a chain of 4 or 

less carbon atoms, e.g. methyl, ethyl, propyl or 
but yl . 

With cykloalkyl is preferably meant a ring of 3, 
4, 5 or 6 carbon atoms. 
25 Aryl preferably means a phenyl group, which can 

be substituted, preferably by a methyl, ethyl, propyl 
or butyl croup, an amino or a methoxy, ethoxy, 
propoxy or butoxy group. 

In one embodiment of this second aspect of the 
30 invention, a compound is used, wherein all the amino 
acids are D- isomers. 

In a particular embodiment of this aspect of the 
invention, Y' is Lys. A particular embodiment is when 
Z' is Fhe, resulting in a compound of the following 
1 5 formula : 

Rl _ A ' - NH -CH[ (CH r ) 1 -\'H : ]-CO- Leu-X ' -NH - CH[ - CH; - Ph]-C0-B ' R ; . 
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in an a 1 t o rna 1 1 v: 1 ernboa i ment , i compound is 
used, wherein V i : ['he while Z' . :s any non-ac l d i c 
a r:i i no a c i d . 

In a preferred embed uric a t o: t h : aspect of the 
5 invention, a compounc :s used, wherein X' is Val-Va_. 
In one embodiment of the use according to the 
invention, R ( is acetyl. Alternatively, R, and/or R 2 
are H. 

Yet another aspect of the present invention is a 
10 compound according to the invention for use as a 
medicament . 

Also claimed is the use of a compound, prefera- 
bly of the formula (I) or (II), which is able to bind 
to the KLVFF-sequenco in amyloid fi peptide and which 

15 has the ability to inhibit polymerization of amyloid 
\\ peptide, for the manufacture of a medicament for 
the treatment or prevention of amyloidosis, 
especially in the treatment or prevention of Alz- 
heimer's disease associated with amyloidosis, for the 

20 treatment or prevention of demens in patients with 
Down's syndrome, for the treatment or prevention of 
Hereditary cerebral hemorrhage with amyloidosis 
(Dutch tyoe) or for the prevention of fibril forma- 
tion of human amyloid protein. 

25 Further, a last aspect of the present invention 

is a composition comprising a compound according to 
formula II and optionally a ligand capable of binding 
or interacting with the compound according to formula 
II and a carrier. 

30 Said composition can e.g. be adapted for inac- 

tion, in a liquid carrier or lor oral administration 
in a tablet or cap>sule- 

Carners are known for persons skilled m the 

art. 

35 For clarification the following definitions are 
given : 
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, ^ Lysine (Lysj, I. i:- leucine (Leu), V is valine 
(Val), F ;s pheny .a lam ne (Phe), A is alanine (Ala) 
and E i.s glutamic acid (Glu). 

As used herein/ "any group qivinq Che compound ac- 
j cording to formula (I) the ability to bind to the 
KL VPF-sequence in the amyloid p peptide" means that 
this group gives the compound a structure, which can 
fulfil the requirements given m claim 1. 

The hydrocarbon ring or heterocyclic ring has 
10 preferably 4-6 atoms, preferably C, K and S. 

Description of the figures 

Fig- 1 A and B. Ap-amyloid polymerization. 

Fig. HA . Ten-mers corresponding to consecutive 
15 sequences c; f Ap-1-40. Radioactivity bound to the 

filter was detected by autoradiography and quantified 
by oensitometry. 

Fig. 2B. EVHHQKLVFF and N and C-terminal trun- 
cated fragments were synthesized and analyzed for 
20 affinity to 1 2 5 1 - iabe 1 led Ap-1-40. 

Fig. 2C. Each amino acid residue in KLVFF was 
systematically replaced with Ala and analyzed for 
affinity to 125 I - labe lled Ap-1-40. 

Fig 2D. Sensorgram from surface plasmon reso- 
25 nance spectroscopy (BIAcore 2000). 

Fig. 3 A and B. Content of non -aggregated 
peptiae in the supernatants from incubations of wild- 
type and Ala-substituted Ap-1-28 as analyzed by HPLC. 

3 0 EXPERIMENTAL 
Example 1 

a) Ten-mers corresponding to consecutive sequences of 
A ^_l_40 were synthesized on a filter matrix using the 
SPOT-technique (the peptides were synthesized essen- 
35 tially as described by Frank (R. Frank, Tetrahedron 
42, 9217-9232 (1992)]. Briefly, a spacer correspond- 
ing to 2 molecules of a-alanine was coupled to cellu- 



WO 97/21728 



1 0 



* 



PCT/SE96/0J62I 



lose membranes (Whatman IChr). '"he peptides were syn- 
thesized on Lhese denvatized nemoranes using Fmoc 
protected and pen ta 1 1 uorophcny 1 -act lvated ammo aods 
( AMS Biot echnology ) di sso 1 ved in N-methylpyrrol idone . 
:> Coupling efficiency was monitored using bromphenDi 
blue.). We synthesized the thirty-cne possible 
10-mers of the A^-1-4C. Peptide no. 1 corresponds to 
amino acids 1-10, peptide no. 2 to amino acids 2-11 
etc. The filter-bound peptides were incubated with 

10 radioactive A(l- 1 — 40. Following washing of the filter 
in high-salt buffer, bound radioactivity was esti- 
mated by autoradiography and densitometry. Following 
blocking with 0.051 Tween-20 in Tris-buf f ered saline 
(TBS), the filter was incubated in the presence of 20 

15 \iH 125 I-labelled A0-1-4O at 20°C for 12 h in TBS, pH 
7.3, supplemented with 1% bovine serum albumin. The 
filter was then washed repeatedly in the same buffer 
containing 0.5 M NaCl and dried. Radioactivity bound 
to the filter was visualized by autoradiography and 

2 0 quant iz a ted using a densitometer. 

b) Peptide no. 11 (EVHHQKLVFF) and indicated N- and 
C-terminal truncated fragments were synthesized using 
the same technique as described above and analyzed 
for affinity to 1 2 5 I - label led Ap-1-40. 

25 c) Sensorgram from BIAcore 2000. A|i-l-40, at three 
different concentrations in running buffer, pH 7.4. 
A^-l-40 was injected during 10 minutes over a sensor- 
chip derivatized with the peptide KLVFF-pA-pA-C . 
d) Each amino acid residue in KLVFF was systemati- 

30 cally replaced with A and analyzed for affinity to 

* 2 ^I-labelied A(}-l-4 0. Non-specific interactions have 
been compensated for by subtracting the signal from a 
surface derivatized with C alone. 

3 5 Results 

a) The measured binding should be interpreted as 
semiquantat ive, since the coupling efficiency and 
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Miereiore the amount ol peptide per r,p ;t may vary. A 
region located : n t fit* central part of A(* ( Afi - ,: -* - 1 H to 
A(VH-22) displayed promncr.t binding of radioactive 
Anoihc: binding region was 'Jie hydrophobic 
5 I'-terminus of :he molecule ([). Burdick, et aJ, o. 

/iioi. Che/n. 207, 546-554 (1 9921) but binding cere was 
considerably weaker (Pig 2A) . 

b) Being located in the centre of trie binding region, 
peptide no. 11 (corresponding to Aft- 11 - 20) was 

10 selected for further studies. This peptide, as well 
as N- and C-terminal fragments thereof, were synthe- 
sized using the same technique as described previ- 
ously. The shortest peptide still displaying high A0 
binding capacity had the sequence KLVFF, cor respond- 

15 mq to amino acids 16-20 of A|i (Fig. 2B). By system- 
atically substituting the amino acid residues ir. the 
KLVFF sequence with alanine, we found that the first, 
second and fifth residues (i.e. KLXXF) were critical 
for binding (Fig. 2C). 

20 c) The interaction between soluble Api- 1-40 and lmmc- 
bilized KLVFF was monitored in real-time {Fig. 2D) 
jsina surface plasmon resonance spectroscopy 
(BIAcore, Pharmacia) (BIAcore 2000 (Pharmacia Biosen- 
sor AB , Sweden) was used for real-time studies based 

25 on surface plasmon resonance spectroscopy. The pep- 
tide was immobilized using thiol coupling. The run- 
ning buffer consisted of 10 mM HEFFS, 0.15 M NaCl, 
3.4 mM EDTA and 0.05% surfactant P20 as described. 
[U. Jansson, M . Malmqvist, Adv. Biosens. 2, 291-336 

30 (1992)]). The binding was not saturable, indicating 
tnat Afi-1-40 bound to immobilized KLVFF could inter- 
act with other Afi- 1-4 0 molecules in a polymerization 
reaction. 

d) AA served as linker between the active peptide 
35 and the chip (upper trace) and cysteine alone , indi- 
cating non-specific binding, (C) as control (lower 
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trace). Arrows indicate st.art ana stop of inject, ion 
! Fig . 2D) . 

K x a m d 1 e 2 

a To investigate if the KLXXF rrotif was required 

for A(3 polymerization, we synthesized AfS-l-2R, a 
well-studied AfJ fragment that readily forms amyloid 
fibrils ( D . A . Kirschner, el al., Proc. Natl. Acad. 
Sci. USA 84, 6953-695"/ (1987); C.J. Barrow, M.G. 

10 Zagorski, .Science 253, 179-32 (1991); C. Nordstedt, 
et ai., J. Biol. C/ie/n. 269, 30773-30776 (1994)) and 
mutated Ap-1-28 where the j<LVFF sequence was substi- 
tuted with AAV FA (AP-1-28 AAVFA ) . 

Aft- 1-23 (Fig. 3 A) and A|^-1-28 AAVFA (Fig. 3 B) 

15 were incubated at 200 jiM in TBS for 24 h at 37°C in a 
shaking water bath. After incubation, the tubes were 
centnfuged at 20,000g for 20 min and the content of 
non -ago r ega ted peptide in the supernatants (Fig. 3 A, 
B) was analyzed using an established C4 RPLC system. 

20 (12) whereas the aggregated peptides in the pellets 
were analyzed by electron microscopy after adsorp- 
tion to f ormvar-coa ted grids and negative staining 
with 2o uranyl acetate in water. 

2 5 Results 

Following incubation at a concentration of 200 
fiM for 24 h at 37°C, A(5 -1-28 aggregated (Fig. 3A) 
and formed large fibril bundles, whereas A^-1-28 AAVFA 

almost completely failed to aggregate (Fig. 3B) and 
30 only formed a few dispersed fibrils. 

Fx ample 3 

Ap-1-40 was incubated at 100 fiM in TBS for 48 h at 
37°c in a shaking water oath, either alone or together 
35 with 100 (iM AcKLVFFA/f/?. The polymerized material was ad- 
sorbed to f ormvar-coa ted grids and negatively stained 
with 21 uranyl acetate in water. 
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Re suits 

Incubation of synthetic Afi- 1-40 at 100 jiM for 48 
h at 37°C in a physiological buffer lea to polymeri- 
zation and formation o: amyloid fibrils arranged in 
parallel in densely packed bundles, as previously 
shown (C. Nordstedt, et al., J. Biol. Chem. 269, 
30773-30776 (1 994)). When Afi-1-40 was coincubated 
with A cQ KIj VFF NHp at equimolar concentrations, this 
10 type of fibrils did not form. Instead, only a few 
occasional fibrils embedded in a diffuse background 
cf small rod-like aggregates, similar to those formed 
by A cQ KLVF F NHp itself, could be detected. 

; 5 Example 4 

The peptides were synthesized essentially as 
described by Frank {Frank R, 1992, Tetrahedron 
42:9217-9232). Briefly, a spacer corresponding to 2 
molecules of (^-alanine was coupled to cellulose mem- 

20 branes (Whatman XX) . The peptides were synthesized on 
these derivatized membranes using Fmoc protected and 
pentaf luorophenyl-acti vated amino acids (AMS biotech- 
nology) dissolved in N-methylpyr rolidone . Coupling 
efficiency was monitored using bromphenol blue. 

25 

Results 

The KLXXF motif in the A(J molecule is not only 
critical for polymerization and fibril formation. 
During non-amy loidogenic processing of APP, the mole- 
30 cule is cleaved between amino acid residues K i€> and 
L 17 (F.S. Esch, et al., Science 248, 1122-1124 
(1990)), leading to the formation of a fragment of Ap 
termed p3 and corresponding to Afi-17-40 or Ap-17-42 
(C. Haass, A . Y . Hung, M.G. S ch 1 ossmache r f D.B. 
3 r > Teplow, D . J. Selkoe, J. Biol. Chem. 268, 3021-3024 
(1993)). Through this metabolic pathway the present 
binding sequence is disrupted. This may explain why 
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ni is not capable of forming amyloid m vitro or i/j 
v/'.'o Nasi unci, et d i . , Proc. Natl. Adici . . I J 3 A 

91, 8 37 H -8 38 2 (1994); J. Naslund, et aJ., Biochcm. 
Biophys. Res. Commun. 204 , 760-787 (1994)). The 
r > FLXXF motif is highly sequence specific. The most 
apparent example of this is the finding that substi- 
tution of a single amino acid leads to virtually 
complete loss of Af} binding capacity. 

1 0 Example 5 

In an additional series of experiments, it was 
demonstrated that KLVFF binds stereo specifically to the 
homologous sequence m Aft (i.e. Aft-16-20). By screening 
combinatorial pentapeptide libraries exclusively composed 

15 o f D-amino acids (lowercase) with labelled KLVFF, several 
Jiqands with a motif containing phenylalanine (f) in the 
second and leucine (1) in the third position were identi- 
fied (e.g. Jflrr). By using a short peptide in the screen- 
ing, known to bind to a region in Aft critical for its 

20 polymerization (i.e. KLVFF) , the risk of identifying 

D-pentapept ides that interact with nonrelevant regions in 
Aft (N- or C-terminal to Aft-16-20) was eliminated. Like 
KLVFF, the D-amino acid ligands were founo not only to 
bind to Aft but also to inhibit amyloid fibril formation, 

25 Since peptides built up of D-amino acids are resistant to 
proteolytic degradation, these ligands may be beneficial 
for inhibition of amyloidogenesis in vivo. The results 
further indicate that KLVFF will be useful in the identi- 
fication of small organic molecules (e.g. by screening of 

30 substance libraries) with the ability to bine to Aft in 

this relevant region and inhibit amyloid fibril formation 
(candidate drugs for the treatment of Alzheimer disease 
and other related amy 1 o idoses ) . 



35 
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I; i scuss 1 on and cone ] us i on 

[ 1 r e v i o u s : ■> t u u l e s o t pu t a t i v e l r i f i ; 1.) i t o r r> o f a m y - 
luid f i hi i 1 f or-m.-a t. i ot. showed t na t ovci odext r i ns 
(p.O.nuileri, N.J. Haskind, D.U. hrwlct I , FEB 5 Lett. 
34 1, 2 5 2 58 (1904)) and Congo red (A. Lorenzo, B. 
Y:jn<;nei, Proc. A/a 1 1 . 4cacL Scj . JSA 91, 12243-12247 
(1994)) may have such properties. The usefulness of 
these molecules as lead or model substances in devel- 
opment of ant l-Aizheimer amyloid drugs is, however, 
10 compromised by their relative lack of specificity. 
Cyc lodext r ins have primarily been used to increase 
the solubility of a wide range of lipophilic drugs 
and it is unlikely that they would display any speci- 
ficity for in vivo. Congo red, which is used in 
5 histochemistry to detect amyloid, binds to a wide ar- 
ray of ncn-AP amyloids as well as to other proteins 
with a high content of [3-pleated sheet: structures 
(W.G. Turnell, J.T. Finch, J. Mo 1 . Biol. 2 2 7, 
1205-122? ( 1992) ) . 
0 Due to the extreme insolubility of amyloio, 

strong chaotropic agents or potent organic solvents 
are required for its dissolution (C.L. Masters, et 
al., Proc. Natl. Acad. Sci. USA 82, 4245-4249 
(1985)), the concept of dissolving amyloid deposits 
5 in situ under physiological conditions may seem 

futile. However, the bulk of the individual mole- 
cules in amyloid are probably not joined by covalent 
bonds and the deposition of Afi into amyloid is, at 
least at some stages, a dynamic and reversible proc- 
30 ess (J.E. Maggio, et al., ibid., 89, 5462-5466 

(1992)). hence, a molecule capable of binding to a 
site in the A(} molecule that is critical for fibril 
formation with an affinity higher than native Aft 
should have reasonable chances to inhibit amyloid 
35 growth and maybe also specifically dissolve amyloid 
fibrils. 
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In c o n c ] u s ion, w e h a v e 1 d e n till e d a n A | 5 s e - 
quence, KLVFF, which js required fcr amy] o in fibri! 
: o r m a t 1 o n . T h e K h V 7 V o e [ > I 1 d e in a y scrv c a :. > ( . < n i o d e 1 
, ujt)5t.dnce for the synthesis oi non-pept ioe Afi- ligands 
S that interfere with the polymerization of A[} 
mo 1 ecu 1 es . 

Previous studies suggested that amino acid resi- 
dues within or close to A(t-16-20 are important for 
the adoption of the correct f^-pieated sheet structure 

10 of Af} (18) and the proteolytic processing of its 
precursor (14). 

We have now shown that this region harbors at 
least one binding sequence required for :he polymeri- 
zation of A|t into amyloio fibrils. It was also demon- 

15 strated -.hat short peptides incorporating Afl-16-20 
can function as ligands that bind to AfJ and inhibit 
the formation of amyloid fibrils. -Since these peptide 
ligands are relatively small, they are amenable tor 
identification of other organic molecules with simi- 

20 lar functional properties. Non-peptide homologues of 
KLVFF should be useful as pharmacological drugs for 
the treatment of Alzheimer's disease in the future. 
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CI.AIK 5 

1. A compound having the • Drxuia 

H, - A' - Y' - Leu -X' - Z' - B ' - K ; . ( I ; 

in which 

X' means any group or amino acid imparting to the com- 
pound of formula (I) the ability to bind to the KLV F re- 
sequence in amyloid fi peptide, or two amino acids impart- 
10 mg the same ability, but with the proviso that one is 
not proline; 

Y' means any amino acid; 

Z' means any non-acidic amino acid; 

A' means a direct bond or an a-aniino acid bonded at the 
15 carboxyl terminal of the a-ca rboxygroup or a dj-, en-, 

tetra- or pentapeptide bonded at the carboxyl terminal of 
the a-carboxy group; 

B' means a direct bond or an a-ammo acid bonded at the 
(f-nitrogen or a di-, tn-, tetra- or pentapeptide bonded 
20 at the u-nitrogen of the N-terminai a-amino acid; 

Pi is H or -CO-Ri bonded at the a-amino group of A' ; 

is H, -OR 4 or NR^Re, all bound to the a-carboxyl group 
of the a-carboxyterminal of B' ; 

F'i is a straight or branched carbon chain of 1-1 carbon 

2 5 atoms; 

R 4 is a straight or branched carbon chain of 1-1 carbon 
atoms ; 

and R 6 independently are H, alkyl, cycioalkyl, aryl or 
substituted aryl or together are -(CH 2 ) n - / where n is 4- 

3 0 5; 

Pi and R ? together can form a hydrocarbon ring or hetero- 
cyclic ring; and 

all the a-amino acids can be either D- or L-isomers; 
with the proviso that (I) is not Lys-Leu-Va 1 -Phe-Phe . 
35 2, A compound according to claim 1, which exhibits 

an ability to inhibit polymerization of amyloid ft pep- 
t ide . 
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j. A compound according to any one o! claims 1-2, 
wfierein all the amino acids arn [:•- isomers. 

4. A compound according to any one of the preceding 
claims, wherein Y' is Lys . 
-j 5. A compound according to claim 4, wherein Y' is 

Lys and V is Phe. 

6. A compound according to any one of claims 1-3, 
wherein Y' is Phe. 

7. A compound according to any one of the pre- 
10 ceeding claims, wherein X' is Val-Val. 

8 . A compound according to any one of the pre- 
ceding claims, wherein Ri is acetyl. 

9. A compound according to any one of claims 1- 
8, wherein R] is H and/or R? is H. 

15 10. Use cf a compound of formula 

R, - A' - Y' - Leu -X' - Z' - B' - R r (II) 
in which 

20 X' means any group or amino acid imparting to the com- 
pound of formula (II) the ability to bind to the KLVFF- 
sequence in the amyloid fi peptide, or two amino acids im- 
parting the same ability, but with the proviso that one 
is not proline; 

25 Y' means any amino acid; 

Z' means any non-acidic amino acid; 

A' means a direct bond or an a-amino acid bonded at the 
carboxyl terminal of the a-carboxygroup or a di-, tri-, 
tetra- or pentapeptide bonded at the carboxyl terminal of 

30 the a-carboxy group; 

D ' means a direct bond or an a-amino acid bonded at the 
u-nitrogen or a di-, tri-, tetra- or pentapeptide bonded 
at the a-nitrcgen of the N-termmal a-amino acid; 
R ! is H or -CO-Ri bonded at the a-arr.ino group of A'; 

35 Rj is H , -OR 4 or NR 5 R G , all bound to one u-carboxyl group 
cf the a-carboxyterminal of B' ; 
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h . , is a straight or oranched carbon chain of i-4 carbon 
<i Z o:ns ; 

H, is a straight or branched caroon chain of 1-4 carbon 
ri t orns ; 

5 R : and R t - independently are H, aJkyl, cycloalkyi, aryl or 
substituted aryl or together are - {CH 2 ) n ~ , where n is 4-5 
Ri and R t - together can form a hydrocarbon ring or hetero- 
cyclic ring; 

all the a-amino acids can be either D- or L-isoniers; 

1C for inhibition of polymerization of amyloid p pep- 
tide, as model substance for synthesis of amyloid p> 
pept ide- 1 igands for inhibition of polymerization of 
amyloid \\ peptide, as a tool for the identification 
of other organic compounds with similar functional 

15 properties or as a ligand in PET (positron emission 
tomography) . 

11. Use according to claim 10, wherein all the amino 
acids of the compound are D-isomers . 

12. Use according to any one of claims 10-11, 
20 wherein Y' is Lys . 

13. Use according to claim 12, wherein Y ' is Lys and 
Z' is Phe. 

14. Use according to any one of claims 10-11, 
wherein Y' is Phe. 

25 15. Use according to any one of claims 10-14, 

wherein X' is Val-Val. 

16. Use according to any one of claims 10-15, 
wherein Ri is acetyl. 

17. Use according to any one of claims 10-15, 
30 wherein R t is H and/or R 2 is H. 

18. A compound according to any one of claims 1- 
9 for use as a medicament. 

19. Use of a compound according to any one of 
claims 1-9 for the manufacture of a medicament for 

35 the treatment or prevention of amyloidosis. 

20. Use of a compound according to any one of 
claims 1-9 for the manufacture of a medicament for 
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t h c t i e a t inert o r prevent o n o f A i : 7 1 ^. e 1 m o r d : .sea s o a s - 
sociated will: amyloidosis. 

2 1 - Us e o f a c o m p o u n d a c c o r c l r. g t o any one of 
claims 1-9 tor the manufacture of a medicament for 
rhe treatment or prevention of" demons in patients 
with Down's syndrome. 

22. Use of a compound accoraing to any one of 
claims 1-9 for the manufacture of a medicament for 
the treatment or prevention of Hereditary cerebral 

10 hemorrhage with amyloidosis (Dutch type). 

23. Use of a compound according to any one of 
claims 1-9 for the manufacture cf a medicament for 
the prevention of fibril formation of human amyloid 
protein. 

15 24. A composition comprising a compound accord- 

ing to any one of claims 1-9 and optionally a ligand 
capable of binding or interacting with the compound 
according to formula 1 and a carrier. 

25. A composition according to claim 24, which 

20 is adapted for injection or oral administration. 
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